This study was designed to develop a simulated swimming exercise (SS) 
Maximal oxygen uptake (VO2 max) is generally accepted as the best index of aerobic work capacity and cardiorespiratory fitness. An accurate assessment of V02 max or peak V02 is essential for evaluating the efficacy of various physical training procedures, since it reflects both the cardiovascular respiratory system's ability to transport oxygen and the muscle's ability to utilize it. The mode of exercise and the test protocol chosen to assess peak V02 depend on many factors, such as the age, sex, and fitness status of the athlete.
For the results to have an optimum practical significance, the exercise mode and the protocol must be as sport-specific as possible. In arm-trained athletes, the specificity of muscular adaptation is an important factor in V02 max assessment. In swimmers, peak V02 has been performed with tethered swimming'4 and more recently, a swimming flume7 '8 Ideally, swimmers should be tested in a swimming flume, or swimming treadmill. However, this procedure requires expensive apparatus which most laboratories do not have. Furthermore, the measurement of peak V02 during swimming is difficult because of environmental factors. In order to solve this problem, we developed a simulated swimming test which focused on upper body activities and was simple enough to be used in laboratories and training centres.
Method
Subjects Eleven male varsity swimmers volunteered as subjects for this study. The subjects had been swimming regularly for at least three years. Written informed consent and medical clearance were obtained from each subject prior to testing. The physical characteristics of each subject are presented in Table 1 .
Testing procedures The subjects were tested once on each of five experimental peak V02 tests: treadmill running (RN), bicycling (B) , arm cranking (AC), tethered swinming (TW), and simulated swimming exercise (SS). Before experimental testing, subjects were allowed to complete several practice sessions in order to familiarize themselves with the test apparatus and test procedures. The subjects were then randomly assigned to complete RN, B, AC, TW, and SS exercise tests within a three week period. (Figure 2 ). The tension of the cords was adjusted so that it required an equal amount of work to raise the leg as well as to lower it.
The subject was asked to use the flutter kick and kick hard enough to hit the Swedish bars on the top and bottom on each manoeuver. The arm and leg exercise frequency was set at 50 revolutions per minute. This cadence was regulated by metronome. After five minutes of warm-up, the work load of arm exercise was set at 25 watts. Thereafter the work load of the arm ergometer was increased progressively by 25 watts until the subject could no longer continue and/or there was a decrease in the rate of arm ergometry and leg exercise. The Similarly, the mean V02 max (ml/kg.min) during SS (45.7 ml/kg.min) was significantly lower than that achieved during RN (58.3 ml/kg.min) and B (56.6 ml/ kg.min). When comparing SS with TW (50.5ml/ kg.min), however, the mean V02 max (ml/kg.min) was not different. The validity coefficents of V02 max (ml/kg. min) between SS and TW, and SS and RN were 0.56 (P = 0.05) and 0.68 (P = 0.01), respectively (Table 3) . VE max generally attained levels proportional to the V02 max. A significantly higher VE max (1/min) was observed during B (128.0Vlmin) and RN (127.9 l/min) in comparison to AC (82.9 l/min); SS (103.7Vlmin) was not significantly different from TW (104.0 I/min). Since the crawl stroke in swimming is performed in the horizontal position with the major force for forward motion being supplied by the arms, the major components of the SS test included the arm cranking of the arm ergometer and flutter kicking of the leg exercise, with prone body position on the incline bench. No other study can be directly compared with our study. However, several researchers have studied the combined effects of arm and leg exercises versus. bicycling or running. These studies indicate that combined arm and leg exercises elicit a V02 max greater than that attained in a bicycling or running alone or equivalent to that attained in graded treadmill running9 14-19. Results from the SS test did not confirm these findings.
Wall
The peak V02 during the SS test was significantly lower than the peak V02 observed during treadmill running or bicycling and confirms some previous observations5'7 2. One possible explanation for low peak V02 values is that the arm-to-leg work ratio was not the same in SS as in other studies. That is, Bergh et al. noted that the V02 max was the same in running as in arm-plus-leg exercise when the arm workload was 20-30 percent of the total rate of work14 Bergh et al. also presented data on one canoeist who attained a 4.6 percent greater V02 max in combined arm cranking and leg cycling than in treadmill running when arm cranking workload equaled 40 percent of the total combined workload". Also, Seals and Mullin indicated that swimmers attained a 4.7 percent higher V02 max in combined arm cranking and leg cycling than in graded treadmill running when arm cranking comprised approximately 20 to 25 percent of the total combined workload"8. The leg work load in the SS test was much less than what would be expected from leg cycling, although the muscle mass utilized during RN or BI was probably greater than that used for the SS test.
RN and TW were used to establish the validity of the SS test because RN is most frequently used to evaluate the cardiovascular condition of athletes, and TW is similar to the real work situation of swimmers.
Although the correlations of V02 max (mllkg.min) between RN and SS, and TW and SS were significant, the validity coefficients were relatively low (0.56 and 0.68, respectively). The validity coefficients of the V02 max (1/min) were quite low and were not significant.
To more carefully evaluate the data, two of eleven subjects were eliminated from the statistical analysis. These two subjects complained of severe tightness in the forearms during the SS test and attained V02 max values that were more than 30 percent below running values. No other subjects had that large a deficit going from RN to SS. The muscular mass used during the arm cranking exercise of the SS test is somewhat different from actual swimming. The subjects are required to use their wrists and fingers in order to grasp and crank the Monark Rehab Trainer. This might result in tigtness of the forearm musculature with accompanying discomfort. Validity coefficients obtained on the V02 max (1/minand ml/kg.min) were calculated for a reduced sample consisting of the remaining nine subjects.
When the values of peak V02 (L/min) for the reduced sample were correlated against RN and TW, r's of 0.60 and 0.72 were obtained for Rn vs. SS and TW vs. SS, respectively. Validity coefficients of peak (Table 3 ).
All of the validity coefficients for both peak V02 in L/min and ml/kg.min and ml/kg.min were highly significant (P < 0.01). The relatively high correlations between RN The results of the calculations on peak V02 (L/min) in comparing SS with TW indicated that the swimmers achieved 91.0 percent (N = 11) and 94.7 percent (N = 9) of the TW value, and similarly peak V02 (ml/kg.min) indicated that the swimmers achieved 90.5 percent (N = 11) and 94.0 percent (N = 9) of their TW value.
Conclusion
The discontinuous, progressively increased workload, maximal SS test is reliable. Its 
